Fig. 1 The localization of COX I-IR, vimentin ϩ cells and NO-responsive cGMP ϩ cells in the guinea pig bladder. (A), (B) and (C) show, respectively, images stained with antibodies to COX I, vimentin and cGMP. In each panel, two regions are identified (1 and 2) located in the outer and inner regions of the bladder wall. For (A-C), these identified regions are shown at greater magnification in the adjacent panels. (A) illustrates COX I-IR. More COX I-IR cells are seen in the inner regions of the bladder. In (B), vimentin ϩ cells are seen in both the outer and inner layers. In (C), the presence of cGMP ϩ cells is clearly seen. No cGMP cells are seen associated with the inner muscle layer but the umbrella cells and sub-urothelial cells are cGMP ϩ . Calibrations bars: 150 m in (A) and 40 m in (B).

Fig. 2 cGMP-and COX I-IR associated with the urothelium in the guinea pig bladder. Panel (A) shows an image of the urothelium of the lateral wall stained for COX I-IR (red) and cGMP (green). The preparation was stimulated with a NO donor to elevate cGMP levels in responsive cells prior to fixation. The umbrella cells on the surface of the urothelium (umb) and cells in the sub-urothelial space, the sub-urothelial interstitial cells (su-ics) are cGMP ϩ . Cells in the basal regions of the urothelium (basal urothelial cells: buc) are stained intensely with the COX I antibody. In addition, COX I-IR cells are also found in the lamina propria interstitial cells (ip-ics). (B) illustrates a section from a different bladder processed and stained in the same way as section (A). The upper panel shows the combined colour image. The middle and lower panels show COX I-IR and cGMP-IR, respectively. These two panels illustrate that the cGMP ϩ su-ics are negative for COX I-IR. They also show that the COX I-IR cells in the buc are separated from the COX I-IR Ip-ics. Calibration bars 50 m in (A) and 30 m in (B).
Fig. 3 The identification of cells expressing neuronal nitric oxide synthase (nNOS) and COX I-IR in the urothelial layer of the guinea pig bladder. Sections were co-stained with antibodies to nNOS (green) and COX I (red). (A) shows an example of the staining pattern associated with the urothelium. nNOS ϩ cells (#) are seen to be located within a single layer in the basal urothelium (buc). These cells also demonstrate COX I-IR. Note that the COX I-IR extends into further cell layers within the urothelium ( † ). (B) shows a further example from a different bladder. The combined image and the individually stained images are shown. The location of nNOS to a single layer in the basal urothelium is clearly seen while the more diffuse location of the COX I-IR is apparent. Calibration bars: 30 m in (A) and (B).
is, at present under discussion. [28] .
Materials and methods
Guinea pigs (7 [28, 31] . Preparation of the cryostat sections and immunocytochemical procedures were as described before [28, 31] . Specificity studies on the sheep or rabbit anti-formaldehyde-fixed-cGMP antisera have been published before [31] and preabsorbtion studies to ascertain the specificity of the COX I antiserum have been published before also [28] . Primary Fig. 1 
Calibration bars 40 m in (A) and 20 m in (B).
Fig. 6 Differentiation of COX I-IR and vimentin ϩ structures in the lamina propria. (A) shows a region of the lateral wall. The sections were stained with antibodies to COX I (red) and vimentin (green). (A) shows a region of the lamina propria immediately below the urothelium. The COX I-IR of the urothelium (uro) and spindle cells in the lamina propria are seen (*) (see also Fig. 5). Also, cell processes expressing vimentin are visible. Large irregular cells are also seen which are COX I-IR and which have an extensive diffuse network of vimentin fibres ( ‡). (B) and (C) show selected areas of the image in (A) with the individual images of COX I (middle panel) and vimentin (lower panel). In (B), the COX I-IR cells are seen to have little or no vimentin staining. The edges of the COX I-IR cells are indicated by the arrows and (c). Vimentin ϩ fibres are indicated (v). (C) illustrates the larger cells with the diffuse vimentin' network in the lamina propria. Calibration bars 20 m in (A), (B) and (C).
Results
The key basic observations regarding the distribution of COX I-IR in the bladder wall are illustrated in
COX I-IR in the urothelium and sub-urothelial layer
previously, the umbrella cells lying on the surface of the urothelium and the sub-urothelial interstitial cell layer closes to the urothelium are sensitive to exogenous NO and demonstrate a rise in cGMP (cGMP ϩ ). It is also clear that COX I-IR is associated with intense staining in the intermediate and basal layers of the urothelium (buc) and weekly in cells in the lamina propria (lamina propria interstitial cells (lp-ics)). Figure 2B shows, in greater detail that, in this region of the bladder wall, the majority of the suburothelial cGMP ϩ interstitial cells do not have COX I-IR.
The cells of the basal layer of the urothelium express neuronal nitric oxide synthase (nNOS) [31] . The relationship between these cells and those with COX I-IR is shown in Fig. 3 (Fig. 5 ). These cells appear
Fig. 8 Nodes associated with the interstitial cells within the lamina propria and inner muscle layer. Sections were double stained with antibodies COX I (red) and vimentin (green). (A) shows a region of the lamina propria. Collections of COX I-IR structures (nodes) are seen associated with collections of vimentin ϩ fibres. (B) and (C) show selected areas of the image in (A) with the associated individual images to COX I (middle panel) and vimentin (lower panel). The COX I-IR structures are identified by the arrows. Little of no vimentin staining is associated with these COX I-IR structures. Calibration bars 50 m in (A) and 30 m in (B) and (C). to form a distinct network of inter-connecting cells contiguous with the su-ic layer and with vim ϩ cells within the muscle layer (see below). In this section, no COX I-IR cells are visible within the su-ic layer. But, COX I-IR is seen within the cell bodies of the vim
ϩ lp-ics (Fig. 5B) . Fig. 6C) , are now visible.
Regions of the lateral wall, particularly towards the bladder base, could be found in which the density of lp-ics was high (Figs. 6 and 7). In these regions, two different cell types were readily identified based on the expression of vimentin and COX I-IR. Figure 6A shows such a region at higher magnification. Small bipolar cells with round cell bodies, which were COX I-IR but did not stain strongly for vimentin (*) (Fig. 6B) and larger complex cells with multiple processes which showed COX I-IR and a diffuse network of vimentin fibres (( ‡) and
The network of vim ϩ fibres was observed to continue from the lamina propria into the inner smooth muscle layer where they run primarily on the surface of the muscle bundles (Fig. 7) . Here, the vim ϩ cells appear on the surface of the muscle bundles and so Fig. 7A ). 
can be described as surface muscle interstitial cell (sm-ics).
Within this network, cell bodies were apparent, which were COX I-IR but that did not stain strongly for vimentin. Examples of such cells are shown in Fig. 7B and C. At the junction of the lamina propria and inner smooth muscle cell layer, small clusters of COX I-IR cell bodies were often observed (Fig. 8). The cell bodies in these clusters did not stain strongly for vimentin but were in close proximity to vimentin positive cell processes (Fig. 8B and C). These collections of cell bodies, which have the appearance of nodes, were also apparent, although fewer in number and with fewer cells, lying between the muscle bundles of the inner muscle layer (see
Outer muscle layers
The network of vim ϩ sm-ics was observed to extend into the outer muscle layers of the bladder wall (Figs. 1 and 9). However, in this outer region there are few cell bodies that are COX I-IR. This points out that there must be different types of sm-ic associated with the inner and outer muscle layers. This is supported in Fig. 10, which shows sections double labelled for cGMP (green) and vimentin (red). As has been reported previously, the sm-ics of the outer muscle layers respond to NO with a rise in cGMP [31]. The cells bodies of these outer sm-ics are clearly seen but these are not COX I-IR. In contrast, there are few cGMP ϩ cells in the inner muscle layers (see also Fig. 1). NO-responsive cells producing cGMP are also found within the muscle bundles of the outer muscle layer: intramuscular interstitial cells (im-ics)). Figure 10 illustrates that these im-ics
Discussion
It has been known for over 30 years that PGs are released from the bladder in response to stretch, the PGs coming from both the urothelium and muscle layers [19, 24, 35, 36] . Sprem et al. found that intravesically administrated ketoprofen, a non-selective COX inhibitor, reduced detrusor instability [37] . Based on these findings, it has been argued that the PGs play central roles not only in bladder physiology but also in the generation of bladder patho-physiology [2] [3] [4] [5] [38] [39] [40] . This led to the trial of cyclooxygenase inhibitors for the treatment of bladder over-activity [37, 41] [42, 43] . Prostaglandin production in the bladder serves also other functions. Bachteeva et al. reported that PGs play a role in the osmotic water permeability of the frog urinary bladder [44] . Several subtypes of prostaglandin receptors have been found in the bladder. It has been reported that the urothelium contains both the prostaglandin receptor subtype E2 (EP2), which plays a role in osmoregulation [45] , as well as the EP1 receptor, which plays a role in the micturation reflex [46] . Schröder et al. reported that the EP1 receptor has a role in the development of detrusor overactivity caused by PGE2 and outlet obstruction [47] . [48] . By increasing afferent nerve activity, this would result in a more frequent activation of the micturition reflex. It is well-documented that PGs cause a sensitization of cutaneous nociceptors [49] . This might also occur in the bladder. Support for the idea comes indirectly from experiments in which the bladder was treated with capsaicin to remove the afferent contribution of C fibres. After functionally removing the C fibres, the PG-induced increase in micturition frequency of micturition was reduced [40] [29, 31] . Using the isolated guinea pig bladder it has been shown that PGs increase the frequency of this phasic motor activity [28] . Thus, the increased phasic motor activity could result in an increase in afferent discharges and in so doing influence the point at which voiding is triggered [28] . The present data also show that the COX I-IR cells in the base of the urothelium also express nNOS. Like PG, NO is known to be produced by the urothelium in response to stretch [50] . It is also known, on other cell systems, that PG production is influenced by NO and, conversely , that NO production is influenced by PGs [51, 52] . Other signals also originate in the urothelium in response to stretch. Specifically, ATP has been shown to be released [53] and one of its actions is to influence afferent nerve firing [54] . Also, there are reports that acetylcholine is released from the urothelium [55] . Thus, we conclude that there is a complex and inter-related release of signalling substances from the urothelium in response to mechanical deformation.
. One indication as to the possible role of PGs has come from experiments involving the infusion of PG into the bladder lumen. When this is done, it gives rise to an increase in micturition frequency and the incidence of non-voiding phasic contractions between voiding episodes
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Fig. 10 Identification of interstitial cells in the muscle layers of the bladder. The sections are double labelled with antibodies to cGMP (green) and vimentin (red). (A) shows a low-power image identifying the outer (oml) and inner muscle layers (iml). The network of cGMP ϩ ics associated with the outer layer and the network of vimentin ϩ cells in the inner (*) and outer layers are readily seen. The different types of cGMP ϩ ics are indicated by the arrows: muscle coat interstitial cells (mc-ics), surface muscle interstitial cells (sm-ics) and intra-muscular interstitial cells (im-ics). (B), (C) and (D) illustrate regions of the image in (A) at higher magnification and showing combined colour image (left panel: cGMP-green, vimentin-red), the cGMP image alone (middle panel) and vimentin image alone (left panel). (B) shows primarily the sm-ics. All cGMP
. A different mechanism involving an indirect action of PGs on afferent nerves has recently been proposed. It is known that small localized contractions occur in the bladder wall of many species. This complex activity is hypothesized to be the motor component of a motor/sensory system involved in the generation of afferent firing and bladder sensation
As discussed above, PGs are synthesized within the lamina propria and muscle layers. The present observations extend this broad observation and demonstrate specifically that the expression of COX I-IR predominates within two general cell systems in the bladder wall: (i) cells within the basal and intermediate layers of the urothelium and (ii) within a population of small cells that are closely associated with a network of vimentin positive cells. These vimentin positive cells are present through out the sub-urothelial space of the lamina propria and extend over the surface of the muscle bundles, which make up the inner layers. It is interesting and important to note that no COX I-IR was seen within the muscles indicating that, in the guinea
To add to this complexity, the cell layer immediately below the urothelium, the sub-urothelial interstitial cell (su-ic) layer, can be a possible location for further integration of urothelial derived signals. These su-ics, in the guinea pig and human, respond to both exogenous and endogenous NO demonstrating a rise in cGMP [30, 32] . These cells are also immuno-reactive for antibodies to the type 3 muscarinic receptor (M3) (unpublished observation), purinergic receptor [56] [34] that the muscle interstitial cells are involved in the activation and co-ordination of complex phasic activity (autonomous activity) within the smooth muscle [57] and it is this activity that is the motor component of the motor sensory system [30] . The amplitude and frequency of the autonomous activity are increased by cholinergic agonists [58, 59] and ATP [60] . If this type of activity is generated within a network of interstital cells this points out that there are M3/ATP-activated pacemakers linked to a distributed network [59] .
It has also been shown that bladder distension alters autonomous activity: an increase in bladder volume increases autonomous activity, whereas a decrease in bladder volume inhibits it [61] Fig. 11 ).
Prostaglandin synthesis has been associated with the smooth muscle [24] 
